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Abstract

Purpose of Review—There are three liver-specific causality assessment tools currently 

available to guide clinical diagnosis of Drug Induced Liver Injury (DILI): Roussel-Uclaf-

Causality-Assessment-Method (RUCAM), Digestive-Disease-Week Japan 2004 scale (DDW-J), 

and Clinical Diagnostic Scale (CDS). The purpose of this review is to assess these tools and 

discuss how to improve the causality assessment process as a whole.

Recent findings: Existing DILI-specific causality assessment tools are surprisingly similar and 

exhibit only minor differences. We reviewed the literature on currently used causality assessment 

tools, identified areas for future improvement, and herein propose approaches for refinement. 

Opportunities to improve current models, as well as the assessment process in general include in 

particular provision of more precise clinical detail and to perhaps add new components to scoring 

systems. For example, the incorporation of drug-specific clinical signature patterns, accounting for 

a drug’s inherent hepatotoxicity potential, and/or incorporation of other drug properties to scoring 

systems may allow enhancement. Further, more systemic exclusion of competing diagnoses is 

needed. Finally, causality assessment processes will likely benefit from a data-driven and 

computer-assisted approach.
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Summary—Current tools used for DILI adjudication are imperfect. Avenues to improve these 

tools are described.
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Introduction

Drug-induced liver injury (DILI) can be classified as either intrinsic DILI (inDILI) or 

idiosyncratic DILI (iDILI). The inDILI is sometimes referred as DILI caused by direct 

toxicity. The classic example of this includes hepatotoxicity caused by acetaminophen in 

which there is direct injury (to hepatocytes) as a result of the drugs action. There is a strong 

correlation between dose and hepatotoxicity, and the risk of hepatotoxicity is reasonably 

predictable at a high dose. This differs from iDILI, which is not necessarily dose-dependent. 

In the past it was believed that iDILI was thought to be largely independent of drug dose, but 

evidence suggests that the risk for iDILI may increase with the total daily dose [1, 2]. 

However, other factors such as fasting, alcohol consumption, genetic polymorphisms and 

race/ethnicity modify susceptibility and outcomes [3, 4, 5].

Hepatotoxicity has also historically been a major problem in drug development - and was a 

leading reason for drug withdrawal from a market in the US as well as worldwide. Drug 

withdrawals have been less of a problem in more recent years [6, 7], perhaps as models of 

hepatotoxicity during drug development have improved [8, 9]. Notwithstanding, DILI 

remains a significant challenge in post-marketing pharmacovigilance. In February 2018, the 

European Medicines Agency (EMA) recommended the removal of flupirtine from the 

market due to ongoing concerns over severe DILI.[10]

Perhaps most importantly, DILI is a common problem in clinical practice and leads to 

substantial morbidity and mortality in the US and worldwide [11, 12, 13, 14, 15]. The risk of 

chronic liver injury and chronic liver disease is also substantial. Chronic DILI may be 

defined as persistent elevation of liver tests at 3, 6 or 12 months [16, 17]. The frequency of 

chronicity reported in the literature has been highly variable, but has been reported to be as 

high as nearly 20% [16, 17]. Additionally, it was found that approximately 75% of patients 

with elevated liver tests at 6 months continue to have elevated liver test 6 months later[16]. 

Interestingly, older patients appeared to have a greater risk of chronic DILI. Additionally, for 

those with elevation in liver tests at 12 months, it was found that they had a reduced 

impaired quality of life [16].

In clinical medicine, DILI remains a diagnosis of exclusion. Liver test abnormalities may 

result from many different liver diseases, and even non-hepatic disorders [18, 19, 20]. For 

diseases such as viral hepatitis, a single diagnostic test may confirm or exclude the diagnosis 

with high sensitivity and specificity. In contrast, DILI is a diagnosis based on suspicion of an 

adverse drug reaction and the exclusion of competing causes of liver injury. Because of the 

difficulties in diagnosing DILI, a variety of causality assessment methods (CAMs) have been 

developed, many of which use point-scoring systems. The “Roussel Uclaf Causality 
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Assessment Method” (RUCAM), also known as “Council for International Organizations of 

Medical Sciences” scale (CIOMS), was the first liver-specific causality tool[21], which is 

most often referred to as RUCAM. The “clinical diagnostic scale” (CDS) is another 

commonly used tool [22]. Finally, a variation of the RUCAM was developed by a Japanese 

hepatology working group, called “Digestive Disease Week Japan 2004 scale (DDW-J scale)

[23]. While these scoring systems have considerable value, they fall short in inter-rater 

reliability and intra-rater reproducibility. [24] Currently, a structured expert-opinion process 

(SEOP), as described and utilized by the NIH-sponsored DILIN, appears to outperform 

RUCAM [25]. Unfortunately, a major drawback of this method is that it is impractical in 

clinical practice because several experts are required, and thus, it is not generally feasible 

and thus not widely applicable.

Here, we review the current state of DILI causality assessment by comparing existing 

causality assessment tools, and provide insight into how current scoring systems can be 

improved. While we believe that an ideal DILI causality assessment tool should be drug 

specific (when possible), until such an approach becomes feasible, it is likely that the best 

approach currently is to optimize existing causality assessment instruments.

Currently established causality assessment tools

Here, we review 3 causality assessment tools specific for DILI, including the RUCAM (or 

CIOMS), Clinical Scale for the Diagnosis (CDS), and the DDW-J score (this has been 

published only in Japanese) (Table 1). All of these instruments utilize similar variables, and 

further have developed relatively similar scoring systems. Minor differences in the three 

scoring systems , CDS uses 6 categories, RUCAM uses 7 categories and DDW-J uses 8 

categories. Each of the three systems consider drug latency to be important, and use a 

similar definition - days from drug start to DILI onset (when the patient presents while 

taking a medication), or days from drug stop to DILI onset (when a drug had already been 

stopped, as frequently occurs with defined courses of antibiotic use)[26]. Of note, although 

all three instruments have similar structures, and maximal points allocated for each category 

and total points achievable overall are only slightly different, the overall causality grading 

varies significantly (Table 1a, Figure 1); the CDS has a higher threshold to achieve scores 

consistent with DILI than RUCAM and DDW-J (Table 1a, Figure 1), though the differences 

in descriptions of the likelihood (or categories of DILI) are likely a matter of semantics.

Major differences in these 3 instruments are as follows:

The DDW-J scale is largely a modification of RUCAM with the following major differences: 

“DILI onset beyond 15 or 30 days after drug stop”, does not get any points, but are not 

considered incompatible with DILI like in RUCAM, no consideration for co-medication, 

simplification of hepatotoxicity into yes or no, elimination of risk factor “age”, addition of a 

drug-lymphocyte stimulation test (DLST), and consideration of eosinophilia [23,27]. To the 

best of the authors knowledge, the full DDW-J scale, 2002 version or 2004 version, has not 

been published in English, while it has been utilized in several English publications by 

Japanese investigators [28.29].
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Though the CDS is similar to RUCAM in terms of clinical variables that are assessed, it 

differs from RUCAM in point values and timing of drug administration to onset of clinical 

features (see Table 1). In contrast to RUCAM, CDS allocates points for extrahepatic 

manifestation such as rash, fever, eosinophilia, arthralgia, and cytopenia [22].

An “updated” RUCAM, published in 2015 has 2 modifications to the original RUCAM [30]. 

This is that “DILI onset beyond 15 or 30 days after drug stop” does not get any point but is 

not considered incompatible with DILI anymore (similar to DDW-J). The other aspect is that 

for group I exclusion, HEV and HCV RNA testing would now be requested. This likely is 

self-explanatory and would have been likely considered by anyone completing RUCAM 

scores in 2019, based on knowledge that HEV and HCV can be mistaken for DILI if not 

checked for.[31,32]

Each of the tools also has unique features. For example, consideration of concomitant 

medication-use as a variable important in DILI assessment is unique to RUCAM, while drug 

lymphocyte stimulation is unique to DDW-J. Drug lymphocyte stimulation is technically 

demanding, difficult to reproduce and requires specialized laboratory expertise. Extrahepatic 

manifestations are not considered in RUCAM, and more weight is given to extrahepatic 

manifestations in CDS than in DDW-J scoring. Risk factors for DILI are not considered in 

the CDS, and have a higher weight in RUCAM than in DDW-J.

There is one scoring issue that might have been overlooked in the CDS scale. The reported 

maximum value for CDS is said to be 20 in the original report, which is only achievable if 3 

points are allocated for the injury onset happening while on drug within 4 to 56 days from 

drug start plus 3 points for having the onset within 7 days of stopping a drug. However, 

logically one can only have either of these circumstances, not both. Thus, a score of >17, 

which is required for definite DILI in the original scoring system, should be unattainable, 

unless you would count both drug start to onset and drug stop to onset. Clear explanation on 

how to apply the criteria using days from drug initiation vs. the ones using days from drug 

discontinuation is lacking in the original RUCAM, which might have caused misleading and 

was somewhat clearer in the “updated RUCAM” [23]. In DDW-J 2004, they pointed out the 

problem in the report and provided clear guideline to score the latency by either using days 

from the drug initiation (DILI occurring while on suspected medication) or using days from 

the drug discontinuation (DILI occurring after drug discontinuation).

Limitations and considerations for improvement

Of note, all current scoring systems were initially developed largely based on expert 

opinions with only limited datasets to test their respective approaches. Thus, the approaches 

were not data-driven. For example, the heterogeneity of DILI manifestations and drug-

specific aspects were not considered, perhaps due to the lack of aggregated data, at that time, 

of DILI phenotypes. Despite the shortcomings of the various instruments, they have been 

assessed on a variety of different levels, and have been demonstrated to correlate reasonably 

well with expert opinion and also with each other [21,22,33,34].
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Ideally, there should be a confirmatory laboratory test to confirm suspected DILI. One such 

test reported is the lymphocyte transformation test (LTT), where proliferation of T-cells in 

response to drug exposure is assessed by measurement of incorporate 3H-thymidine or 

Interferon-gamma (IFN-γ production. However, a recent study reported limited reliability in 

test reproducibility when using a modified LTT with readouts for interleukin-2 (IL-2), IL-5, 

IL-13, granzyme B, and IFN-γ.35

A new and innovative approach towards a confirmatory (laboratory based) assay was 

recently described [36]; this assay uses monocyte-derived hepatocyte-like cells (MH) 

derived from patients with suspected DILI to assess drug-specific LDH release from MH as 

a diagnostic marker for DILI. This approach could be used to identify new biomarkers. For 

example, integrin beta 3 (ITGB3) was identified as being up-regulated in MH cells derived 

from patients with diclofenac DILI. The frequency of ITGB3 positive cells was found to be 

reduced in the peripheral blood of patients with diclofenac DILI compared to controls, while 

ITGB3 staining was found enriched in liver biopsy samples from patients with diclofenac 

DILI compared to others [37].

An additional important concept is that current causality approaches, including RUCAM, as 

currently designed, are general instruments, and not specific for any drug. This becomes an 

issue because drugs differ in their phenotype. For example, latencies were found to differ 

dramatically among different drugs (Table 2) [38,39,40,41,42,43,44]. As such, in principle, 

it appears that it is possible to develop a drug specific causality tool using clinical data [45]. 

Additionally, given advances in the understanding of the genetics, pathophysiology and 

molecular basis of disease, it is likely that enhanced drug specific causality tools can be 

refined and further developed.

However, until drug specific tools become available, an initial simple improvement might be 

to develop a RUCAM process that is computerized. The advantage of this approach is that 

the computer calculates points based on raw data (such as date of drug start and date of drug 

stop, date of DILI onset), without human error. The latter component is important because it 

has been shown that different experts calculate the data differently, and thus have relatively 

poor interobserver agreement. [24] Several studies have reported automatization of RUCAM 

within electronic health records [46,47]. Not surprisingly, likely because of differences in 

data calculation, assessment via a computer algorithm correlated poorly with expert 

assessment [34]. The feasibility of using an automated computerized RUCAM for all 

implicated and concomitant drugs within the DILIN network has been assessed (data not 

shown). The advantage of this approach is that utilizing a computer to assign points, which 

in turn are used to assign causal likelihood, by definition, there is consistent data calculation. 

This, however, should always be followed up with clinical judgement.

Furthermore, there appear to be several areas which could be modified to improve existing 

causality tools. This would likely be an iterative process, using a computer would be most 

effective. Below are highlighted areas that could be address.

1. Risk factors. Risk factors included in the original RUCAM included age ≥55 

years old and alcohol use or pregnancy in mixed/cholestatic injury patterns. 

Alcohol use was evaluated during the refinement of the DDW-J 2002 into the 
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DDW-J 2004, and not found to be a risk factor and therefore not included in 

DDW-J 2004. Therefore, these risk factors are likely not associated with DILI in 

general, and probably should be abandoned in a general model.

2. Variation of liver tests after initial improvement following cessation of suspected 

drug is considered to reduce the likelihood of DILI according to RUCAM. This 

may be a relatively common occurrence, and is likely due to a variety of factors 

(laboratory variation, biological variability in the disease course, etc…). 

Currently, there is a lack of clarity as to how to handle this event in relation to 

what level of variation should be compatible with DILI, less likely to occur with 

DILI and incompatible with DILI. This should probably be iteratively assessed 

using data.

3. Exclusion of alternative causes. The required exclusion of competing causes 

should probably be separated by injury pattern. For example, exclusion of viral 

hepatitis is probably not required in cholestatic cases, unless patient is heavily 

immunosuppressed and at risk for HBV or HCV associated fibrosing 

cholangitits.

4. Latency may deserve greater discerning ability. If a liver injury occurs, while 

taking a drug, RUCAM adjudicates 1 or 2 points. It appears worthwhile testing if 

increasing the difference between short, medium and very long latencies can 

improve causality: i.e. assigning for example 0.5 instead 1 point for liver injury 

events occurring beyond 1 year and 0 or negative points for events beyond 3 

years from last drug start or dose increase

5. Incorporation of drug specific properties reflecting a drug’s inherent 

hepatotoxicity potential. It is clear that the inherent risk of hepatotoxicity varies 

by drug. The specification of the risk is difficult, however, because different 

drugs are prescribed with far different frequencies. For example, amoxicillin/

clavulunate is commonly used, and in addition has been reported to be one of the 

most common causes of DILI [48]. In contract, isoniazid is much less frequently 

prescribed, but is also a very common cause of DILI [12]. Thus, it follows that 

INH likely has a greater potential for hepatotoxicity than amoxicillin/

clavulunate. Currently, grading of the relative risk of hepatotoxicity for a specific 

drug is simply based on (a) the label of a drug or (b) reported cases in the 

literature. A step forward was a report which graded hepatotoxicity based on the 

number of reported cases [49]. However, that approach does not take into 

consideration the frequency with which the drug was prescribed. Thus, an 

alternative approach would be to use drugs’ physiochemical properties such as 

daily dose, lipophilicity and hepatic metabolism,[2, 50] which may better reflect 

the risk for DILI associated with a given drug.

6. Consideration of extrahepatic manifestations. Both the CDS and DDW-J use 

extrahepatic manifestations to support the concern for DILI. It would be worth 

exploring whether careful and data driven inclusion of the presence (and if 

present the details) of extrahepatic manifestations may augment causality 

assessment.
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In aggregate, utilization of these different approaches would likely provide greater accuracy 

for any causality instrument, including RUCAM. Whether such an approach could 

ultimately provide for greater correlation with expert opinion (currently the gold standard) is 

unknown.

Conclusion

Several causality instruments are currently available, and many are in widespread use. Of the 

available causality assessment methods, RUCAM, which was developed 25 years ago, 

appears to be the most commonly used DILI causality instrument. However, both the 

causality processes and instruments can be improved. For example, a model approach would 

be for causality instruments to be developed using data from known examples of bonafide 

DILI. Further, it would likely be useful for processes to be computerized as well as to be 

iterative in nature. In addition, risk factors such as genetic polymorphisms might be added, 

which may or may not be drug specific. A high-quality causality assessment tool would 

ideally have a drug specific component, since DILI phenotypes are likely to differ among 

different drugs. An ideal situation would likely include a computerized process which 

provides guidance, that is in turn used by the clinician to make a final judgement.
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Key points

• The three currently available causality tools for drug induced liver injury 

(RUCAM, DDW-J, CDS) use very similar point structure for point allocation.

• One causality tool, CDS, is much more stringent when adjudicating cases as 

“probable” requiring 14 of 17 possible points, while RUCAM and DDW-J 

require only 6 points of 14 or 5 points of 17 possible points, respectively.

• Given a complex but strict logic behind those instruments, they could be 

computerized to eliminate human error, and test iterative changes if they 

result in improved performance.
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Figure 1. Comparison of point distributions for causality instruments.
The figure depicts the maximal points given in each category for RUCAM, DDW-J and 

CDS, respectively. The horizontal lines indicate the points required to qualify for possible 

(thinner line) and probable (thicker line) DILI, respectively. In (A) is shown a hepatocellular 

injury pattern and in (B), mixed/cholestatic injury pattern. Of note, the category for 

concomitant medications is unique to RUCAM and gives negative points depending on the 

strength of concern that an alternative drug may have causes the liver injury. This category is 

ignored should there be identification of a competing cause such as acute viral hepatitis. 

Additionally, note CDS maximum was adjusted to 17, as 20 points in unattainable, since it is 

not possible to be “on” a drug and “off” a drug at the same time.

Abbreviations: CDS: Clinical diagnostic scale as proposed by Maria & Victorino, DDW-J: a 

modified version of RUCAM developed during Japanese Digestive Disease Week, HC: 

hepatocellular, MC: mixed/cholestatic, RUCAM.
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Table 2:

Studies demonstrating drug specific variation in latency*.

Hepatocellular Cholestatic/
mixed

P-value** Reference

Statins n=14
153 (0 to 1866)

n=8
153 (0 to 3600) p=0.913 Russo et al.[38]

Azithromycin n=10
20 (38 to 65)

n=8
17 (2 to 38) p=0.887

 
Martinez et al. [39]

Cefazolin n=3
23 (21 to 23)

n=16
20 (6 to 29)

 
p=0.487

 
Alqahtani SA, et al.[40]

Quinolones n=4
13 (5 to 27)

n=8
2 (1 to 11)

 
p=0.215 Orman ES, et al.[41]

Cyproterone acetate (CPA) n=20
150 (105 to 215)

n=2
150 & 151

 
p=0.866 Bessone F, et al. [42]

Ceftriaxone n=2
11 & 21

n=13
8 (4 to 14)

 
p=0.229. Nakaharai K, et al. [43]

*
Latency is measured in days from drug start to abnormal liver tests

**
p-value for hepatocellular injury versus cholestatic injury (defined as R value: ALT times upper limit of normal (ULN) / alkaline phosphatase 

times upper limit of normal (ULN).
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